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The oxidation of several methyl ketones such as acetone, butanone, pentan-e-one, 3-methyl-
butan-2-one, hexanone, and 4-methylpentan-2-one by acid perrnanganate has been studied in the
presence of fluoride ions. The reaction is of first order with respect to each of the oxidant, the
ketone and hydrogen ions. The oxidation of acetone exhibits a kinetic isotope effect (kH/kD) of 4·20
at 300.' The solvent isotope effect (kn,o/ka,o) is found to be 5·60. The oxidation is slower than
the acid-catalysed enolization of the ketone. The magnitude of solvent effect, and the correla-
tion between the relative rates of oxidation and the relative rates of enolization of methylene
group, suggest that the enol-form is involved in the oxidation process.
OXIDATION of aliphatic ketones by acidperrnanganate has not received muchattention except for the oxidation of cyc1o-
hexanone by Littler- who reported a zero order
dependence of the reaction rate on the oxidant, a
fact not borne out by our results published earlier".
Evidently, this prompted us to study the oxidation
of aliphatic ketones such as acetone, butanone,
pentan-2-one, 3-methylbutan-2-one, hexan-Z-one, and
4-methylyentan-2-one by acid permanganate, and
the results are reported in this paper.
Materials and Methods
The ketones (BDH grade) were purified by
fractional distillation. Perchloric acid (May-Baker
grade, 60%) was used as a source of hydrogen iO!ls.
The ionic strength was kept constant by adding
sodium perchlorate. Acetic acid (BDH, analar)
was distilled over chromic acid before use. Acetone-
d was prepared by the method of Best et al.a.
6Kinetic measurements _ The reactions were studied
under pseudo first order conditions by keeping a
large excess of the ketone over permanganate. ~he
reactions were followed titrimetrically by quenching
the aliquots with excess of ferrous sulphate solution
and back titrating the unused Fe(II). The first
order rate constants (kl) were evaluated from the
plots of log [oxidant] against time. The spec!fic
rate constants (k) were obtained from the relation
k = klf[H+][ketoneJ. The rates were obt~ined !ro:n
at least duplicate runs and were reproducible within
±4%. .
The data on isotope effects were obtained spectro-
photometrically at 532 nm. No attempt was made
to use deuterated acid, therefore, the concentration
of D20 was about 95%.
The usual initial concentration of the reactants
were: [ketone] = 0·01-0·5M. [KMn04] = ,....,0·001M
[HeIO,] =0·2-2·0M, and [NaF) = O·OSM.
Unless otherwise stated, the solvent used was 20%
acetic acid-80% (v/v) water.
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Results and Discussion
The oxidation of the ketones js autocatalytic.
Such a phenomenon is well known in permanganate
oxidation and is attributed to the reactions of
Mn(III)IMn(IV). Addition of a large excess of
fluoride ions to the reaction mixtures suppressed
the autocatalysis+ and good first order plots were
obtained.
Acetone (0'05M) reacted with KMn04 (0·005M)
in the presence of perchloric acid (l'OM) and sodium
fluoride (0·05M) to give a product which was
identified" as formaldehyde. The rate constant for
the oxidation of acetone under these conditions at
30° was 8·7 X 10-4 litre'' mole= sec-l whereas the rate
constant for the oxidation of formaldehyde, under
similar conditions, is 3·1 X 10-3 litres mole'< see-I.
Although the rate constant for the oxidation of
formaldehyde is more than that of acetone, the
kinetic importance of the same may be reduced to
an acceptable level by using [ketone] many times
higher than that of [permanganate].
Rate laws - In the presence of excess of ketone
the rate of disappearance of permanganate followed
first order rate laws in contrary to the zero order
dependence reported by Littlerlln the permanganate
oxidation of cyclohexane. The order with respect
to ketone was also found to be one (Table 1). The
rate constant varied linearly with [H+] at a constant
ionic strength (Table 2), indicating the protonation
TAIlLE 1 - DEPEXDENCE OF THE REACTION RATE (hi)
ON [SUBSTRATE]
{[K~In04]=O·001M; [H+]= 1·01vI; temp.=35°}
[MeCOMe] hi X 10' [MeCmle] hI x 10'
(At) (see-I) (At) (see-I)
0·108 2·96 0·217 5·93
0'135 3-70 0·406 11-10
0·190 5·18
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of permanganate ion to give permanganic acid, a
more powerful oxidants,
. The. oxidation rate increased significantly with
mcreasmg amount of acetic acid in the reaction
mixture (Table 3). This may be attributed to the
lowering of dielectric constant of the medium", which
favours reactions involving protonation. Further
th~ enolizat~on of the ketones is catalysed by aceti~
acid and this may also increase the oxidation rate.
The oxidation of ketones, under nitrogen atmo-
sphere, failed.to induce polymerization of acrylonitrile.
Thus formation of free radicals in the reaction is
unlikely. In the control experiments, no appreciable
change in [permanganateJ has been observed.
Butanone was oxidised in 95% D20 and the rate
was 30·0x 10-3 Iitres mole=' secI at 30°. However,
the rate constant under similar conditions in H20
was 5,35 X 10-3 Iitre- mole-2 see>. Thus, the solvent
isotope effect (kD.O/kH•O) was calculated to be 5·60.
The rate constants for the oxidation of acetone
and acetone-a, at 30° were 1'60xl0-3 and 0'38xlQ-a
litre- mole'? sec-I, respectively. The kinetic isotope
effect (kH/kD) was thus calculated to be 4·20 at 30°.
The rate constants and activation parameters
evaluated for the oxidation of various ketones are
given in Table 4.
TABLE 2 - DEPENDENCE OF kl ON [H+]
{KMnO,=0'001M; [MeCOMe]=0·108M; [J.=2·OM; temp. 35°}
[ll'''] kl X 10' [H+] kl X 10'
(211') (see-I) (211') (sec'<)
0·5 1·91 1'5 5'80
1·0 3'84 2·0 7·69
TABLE 3 - DEPENDENCE OF kl ON SOLVENT COMPOSITION
{[MeCOMe]=0·108M; [H+]=1·0M; [KMnO,]=0'001M; temp.
=35°}
% AeOH kl X 10' % AeOH kl X 10'
(see-I) (see-I)
20 2·97 50 5·42
30 3·42 60 6'50
40 4·40
Rate of enolization - The rates of enolization of
the ketones were measured by bromination method.
The bromination of ketones was of first order with
respect to ketone and H+ ions but zero order with
respect to bromine. The rate of bromination in-
creased with the increasing amount of acetic acid
in the reaction mixture. The rate constants for
bromination and the activation parameters are
recorded in Table 5.
The errors in the values of aHt, Ast and aFt
(Tables 4 and 5) were found to be ± 1·0 kcal mole+,
± 2·0 e.u. and ± 1·0 kcal mole+ respectively.
A comparison of the data in Tables 4 and 5 shows
that the rate of enolization is faster than the oxidation
in the case of ketones studied presently. Hence,
these results cannot show whether the ketone mole-
cule or its enol-form is oxidized, but merely indicate
that the transition state of the rate determining
process involves one molecule each of ketone and
permanganic acid.
The primary isotope effect (kH/kD = 4·20) shows
that the fission of a C-H bond is rate controlling but
this does not necessarily mean that the oxidation
step involves the keto-form and not the enol-form
of the substrate. The acid-catalysed enolization
involves reactions (1) and (2).
+
R.CO·CH2R' +H30+~RC(OH)CHIIR' +H:P (1)
RC(OH)CH2R' +H20~RC(OH)=CHR' +HaO'" (2)
The forward reaction in Eq. (2) is slow, since it
involves the fission of a C-H bond". Thus the for-
mation of an enol should also exibit the primary
isotope effect.
A comparison of acid-base equilibria'' in H20 and
D20 indicates that for any proton-catalysed reaction
the expected solvent isotope effect, (kD.O/kH•O) should
in the range 2·0-2·5. This should favour the
oxidation by permanganic acid, for the equilibrium
(3) should be shifted by DzO so as to yield higher
concentration of HMn04 than would be present in H20.
Mn04+HaO+~HMn04+HzO ... (3)
R
TABLE4 - SPECIFICRATE CONSTANTS(k) ATDIFFERENT TEMPER.o\TURES,ANDACTIVATIONPARAMETERSFORTHE OXIDATION
OF KETONES (CH3COR)
103k (litre'' mole= sec'") at ssn
keal mole"!
flFt 308
keal mole=e.u.
Me
Et
n-Pr
i-Pr
n-Bu
i-Bu
30° 35' 40° 45°
1·59 2·73 4·64 7·72 20·0
8·10 11·9 17-1 24·9 14·2
5·09 8·16 12·9 20·4 17·7
14·4 22'5 35·0 53·6 17·1
8·15 12·6 19·3 28·8 15·9
2·36 4·06 6·82 11·3 20·0
6·20
21·8
11·0
11·2
15·4
5·43
21·9
21·0
21·2
20·5
20·7
21·6
R
TABLE 5 - ENOLIZATIONRATES (k') OF KETONES (CH3COR) ANDTHE ACTIVATIONPARAMETERS
10'k' (litre mole"! sec'<) at flHt -flst flFi 308
keal mole"! e.u. kcal mole"!
30° 35° 40° 45°
2·25 3·69 5·83 9·01 18·0 16·8 23·2
2·24 3·13 5·44 8'42 16·8 20·5 23·1
2·11 3·32 5·07 7·76 16·5 21·7 23'2
1·60 HO 3·59 5·31 15·5 25·5 23·3
2·27 3·55 5·50 8·50 17·1 19·5 23-1
1·93 3·13 4·96 7·68 17·5 18·3 23·2
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TABLE 6 - TOTAL AND PARTIAL RATES OF ENOLIZATION
RELATIVE TO ACETONE
Total Partial
tate of rate of
enolization enolization
at ot-CH2
or CH group
0·50
0·73
0·59
0'54
0'77
0·45
Ketone
MeCOMe
MeCOEt
MeCOPrn
MeCOPri
MeCOBun
MeCOBui
Statisti-
cally
corrected
rate
1·00
1·00
0·94
0·71
1·01
0·86
0'50
1·10
0'89
1-62
1·15
0·67
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RELATIVE RATE OF OXIDATION
Fig. 1 - Correlation between the relative rate of oxidation
and the relative rate of partial enolization at methylene group
However, the observed solvent isotope effect is
almost double the above estimate. This cannot
be due to the participation of a second proton as
any such protonation would have been revealed
by kinetic measurements. Thus, it is inferred that
the equilibrium producing the rate-determining
reaction, prior to the acid permanganate oxidation
of the ketones, involves two different acid-catalvsed
processes, i.e. Eq. (3) and enolization of the ketone.
If enol-form of the ketone is involved in the
oxidation process, there should be some correlation
between the rates of enolisation and the oxidation.
However, apparently there exists no parallelism
between the rate of oxidation and the total rate of
enolization. Tandon et at.lO observed that in the
oxidation of ketones by chromic acid, the partial
rates of enolization at the a.-CH2 or a.-CH group,
whichever is present in the ketone, is proportional
to the rate of oxidation.
The percentage of monobromoketones formed
in the acid-catalysed brominationt! is known. Using
this information, the partial rates of the formation
of enols have been evaluated from the rates of eno-
lization given in Table 5, and the values are recorded
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+ , -
R-C =CHR' I RCII-CHR + H2MnO,.I""'~ ~ ° ...
0- H+HMn04- I HOH
t , +
RC -CH(OH)R + H
II° (A)
Chart 1
~COCH (OH I R' (AI
R -C-CHR'
II I +HOH
o OMn02
I (81HOH
RCOCH(OHIR' + HMn03
(AI
HMn04 ~ RCOOH + R' CHO
2Chart
in Table 6. The rate of formation of an enol at
a.-CHz or (l-CH group has been statistically corrected
for the number of potential protons present as sug-
gested by Cardwell and Kilner+'. It is seen that
there exists a correlation between the relative rate
of oxidation and the relative rate of enolization at
IX-CH2 or IX-CHgroup (Fig. 1).
Mechanism - The correlation between the rate
of oxidation and the rate of production of a parti-
cular enol confirms that the oxidation process
involves enolization. This also suggests that the
enols formed from a methyl group are much less
readily oxidised than those from a CHz or CH group.
The rate laws obtained in the present investigation
are similar to those obtained in the oxidation of alco-
hols by acid perrnanganate". Therefore a mecha-
nism (Chart 1) similar to the oxidation of alcohols
can be suggested for the oxidation of enols also.
Another possibility is that the attack on the enol
is a concerted process (Chart 2) giving immediately
an IX-ketomanganate ester (B) which hydrolyses to
form an IX-ketol (A) and a manganese (V) species.
The ec-ketol (A) then undergoes fast oxidative
degradation to give the products.
References
1. LITTLER, J. S., J. chem. s«: (1962), 827.
2. ::\[ARIGANGAIAH, NATH, P. & BANERJI, K. K., Indian J.
Chem, 14A (19761, 85.
3. BEST, p. A., LITTLRR, J. S. & \VATERS, \V. A., J. chem.
Soc., (1962), 822.
4. BARTER, R. N. & LITTLER, J. S., J. chem. soc., (B)
(1967), 205.
5. MITCHELL Or). J., Organic analysis, Vol. I (Interscience
Publishers, :iew York), 1953, 288.
6. NATH, j>. & BANERJ!, K. K., Bull. chem. Soc. Japan,
42 (1969). 2038.
7. COHEN, M. & \VESTHEIMER, F. H., J. Am. chem. Soc.,
74 (1955). 4387.
8· BELL, R. P., The proton in chemistry (Methuen, London),
1959, 140.
9. ReLE, C. x. & LA:'IIER, V. K., J. Am. chem. s«, 60
(1938), 1974.
10. TANDON, S. K., BANERJI, K. K. & BAKORE, G. V., Indian
J. Chem., 9 (1971\. 677.
11. CARDWELL, H. :\I. E. & KILNER, A. H. E., J. chem. Soc.,
(1951), 2430.
12. BANERJI, x. x., J. chem. Soc. Perkin II, (1973), 435.
